One dimensional (1D) nanomaterials start to play an important role in the fabrication of electronic, optoelectronic and electrochemical devices due to their advantageous properties, including enhanced stability, carrier mobility and high structural anisotropy. For example, Pt-based nanowires (NWs) offer enhanced electrocatalytic performance owing to their high flexibility, outstanding conductivity and thermal stability compared with their zero dimensional (0D) NPs counterparts. Available approaches to synthesize Pt-based NWs usually involves reaction in wet chemistry, which hinder the practical scalable application in industry. To this end, growing nanowires in solid state offers a feasible way to make scalable synthesis of such 1D nanostructures.
One dimensional (1D) nanomaterials start to play an important role in the fabrication of electronic, optoelectronic and electrochemical devices due to their advantageous properties, including enhanced stability, carrier mobility and high structural anisotropy. For example, Pt-based nanowires (NWs) offer enhanced electrocatalytic performance owing to their high flexibility, outstanding conductivity and thermal stability compared with their zero dimensional (0D) NPs counterparts. Available approaches to synthesize Pt-based NWs usually involves reaction in wet chemistry, which hinder the practical scalable application in industry. To this end, growing nanowires in solid state offers a feasible way to make scalable synthesis of such 1D nanostructures. [1] Using a closed gas cell in a transmission electron microscope (TEM), we were able to study the growth mechanism of nanostructures in solid state at the atomic scale in various gas environments. The in situ TEM imaging was carried out on a Jeol JEM-300CF S/TEM and an FEI Titan microscope, both operated at 300 kV. The Protochips Atmosphere gas cell holders were used for the in situ experiments. K2PtCl4 was dispersed in methanol and sonicated before re-dispersing onto the heating e-chip of the gas cell. During the observation, the gas cell was flushed by Ar gas three times, and heated from room temperature to the desired temperature up to 300 °C using 1 °C/ s increments. Afterwards, targeted gas was introduced into the gas cell at the pressure of 1 atm.
Our results show the sintering process is dominant in gas phase reaction. Small particles approach each other via self-diffusion, adhere and finally grow into a solid crystallite. Under most gas environments, the particles attach to each other without any preferential orientation relationship. However, in H2, the nanoparticles approach and attach to each other only along specific orientations, and gradually form short nanowires. As shown in Figure 1a , at 20 s, the three NPs are not in the same orientation according to the Pt {111} fringes, indicated by the red lines. At 80 s, the upper Pt NP rotates to re-orient its {100} surface planes to match the middle NP; this is followed by attachment of the particles at 240 s and coalescence at 320 s. the same process also occurs on the bottom nanoparticle. In ex situ experiment, we also demonstrated the successful synthesis of extended long Pt and PtNi nanowires in solid state assisted by H2, as shown in the TEM image in Figure 1b .3Ni nanowires against commercial Pt/C Comparison of area-specific activity and mass-specific activity at 0.9 V vs. RHE before and after 10k cycles.
